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Stigma receptivity of two Protea Gultivars was investigated by observing seed set, pollen tube growth and the opening 
and closing of the stigmatic groove. Both cultivars were found to be protandrous. Peak stigma receptivity, measured by 
seed set, was found to occur during the period of two to six days after anthesis in P. repens (L.) L. CV. Sneyd and at 
three days in P. eximia (Salis. ex Knigh t) Fourcade CV. Fiery Duchess. Peak stigma receptivIty in P. repens Sneyd, 
measured by pollen tube growth . was found to occur during the period of two to six days after anlhesis when the 
maximum mean number of pollen tubes per ovary was 2.5. Peak stigma receptivity in P. repens Sneyd. based on the 
width of the stigmatic groove. was found to be at three to six days after anthesis. and in P. eximia Fiery Duchess at five 
to seven days. Pollen tubes reach the ovary after four days and the maximum pollen tube number in the ovary occured 
at seven days after an thesis. It is proposed that Pro lea spp. be hand-pollinated two to six days after anthesis in order to 
obtain maximum seed set. For studies on po llen lubes in the ovary, inflorescences should not be harvested before 
seven days after pollination. 
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Introduction 
The mechanisms of sexual reproduction in the hermaphrodite 
genus Protea of the family Proteaceae are of imporlance for an 
understanding of the natural reproduction methods of the genus, 
as well as for practical explo itation in breeding programmes. 
Protea species generally exhibit low seed set per available quan-
tity of flowers (Brits & van den Berg 1990), with a fu rther reduc· 
tion in seed set when inte rspecific hand-pollinations are made. 
Ovule longevity, stigma receptivity and the rate of growth of pol-
len tubes in the style are all factors which determine the period 
during which it is possible for a flower to be pollinated (Egea et 
al. 199 1). However. no detailed investigations of the optimum 
ti me of stigma receptivity or ill vivo growth rate of pollen have 
been made in Profert. Profea. like most members of the Pra-
teaceae, are protandrous (Vogts 1971 ; Venkata Rao 1971). Many 
Proteaceae, including Protell. exhibit a unique stylar presentalion 
mechanism where self-pollen is deposited on a specialized por-
tion of the style just before anthesis (Guthrie & Salter 1950; 
Venkata Rao 1971; Fuss & Sedgley 1990). The stigma containing 
the stigma papillae is enclosed within a small stigmatic groove 
(Vogts 197 1; Brits & van den Berg 1990). In Proleo the self-pol-
len does not cover the stigmatic groove. Pollinat ion occurs when 
compatible pollen passes th rough the opening of the stigmatic 
groove to the stigma (Ramsey & Vaughton 199 1). The most 
important aspects of stigma receptivity in the Proteaceae are the 
widening of the stigmatic groove and the secretion of stigmatic 
exudates (Sedgley er 01. 1985; Collins & Spice 1986: Vaughton 
& Ramsey 1991 ). The stigmatic grooves of most Proteaceae spe-
cies investigated are almost closed at anthesis and reach a maxi-
mum width 24-96 hours after anthesis (Bri ts & van den Berg 
1990; Fuss & Sedgley 199 1a, b; Vaughton & Ramsey 1991). 
Studies on stigma receptiv ity have included pollination experi-
ments (Vaughton & Ramsey 1991; Ramsey & Vaughton 1991), 
morphological observations (Brits & van den Berg 1990; Fuss & 
Sedgley 1991a, b) and esterase localization (Sedgley el al. 1985; 
Collins & Spice 1986). Rates of pollen tube extension vary con-
siderably among species (Heslop-Harrison et (II. 1984). Investi-
gations of the pollen tube growth rate in Macadamia (Protca-
ceae) (Ito 1980; Sedgley 1983) and Banksia spp. (Proteaceae) 
(Fuss & Sedgley 1991 a, b: Goldingay el 01. 1991) show that it 
takes anything from four to seven days for the longes t pollen 
tubes to reach the ovary. The Objective of this study was to deter-
mine the occurrence of maximum stigma receptiv ity in two Pro-
tea species and thereby ascertain the most suitable stage for 
hand-pollination. 
Materials and Methods 
Plant material 
All the stigma recepti vity experiments were conducted during the 
1993 and 1994 flowering seasons on two mature (7-year-old) Protea 
cultivars. P repens (L. ) L. cv. Sncyd and P. e.ximia (Salisb. ex 
Knight) Fourcade cv. Fiery Duchess. planted in experimental plan ta-
tions at Elsenburg (Imitude 33°5 1 'So longitude 18°50'E: 177 m a.s.l. ) 
and Ri viersonderend (latitude 34°08'5. longitude 19°54'E; 168 m 
a.s.!.) in South Africa. Prior to the experimental period all plants had 
been subject to routine plantat ion management practices. including 
drip-irrigation during the summer months. Harvesting of blooms in 
previous years served as the only form of pruning of the bushes. 
Seed set 
Ten P. repells Sneyd inflorescences and nine P. e.ximia Fiery Duchess 
inflorescences, with approximately one-half of [he florets having 
undergone anthesis , were labelled and all open florets removed with 
scissors (Fuss & Sedgley 199 t a). The inflorescences were covered 
with semi-rigid wire mesh cages (2 x 2 mm apertures) to exclude 
poll inators (Coetzee & Giliomee 1985) and to prevent contact 
between the florets and the polli nation bag (Fuss & Sedgley 1991 a). 
After 16 h the cages were set aside and all remaining unopened flor-
ets were removed. leaving a ring of between 15 and 35 open florets. 
Self-pollen was not removed from these florets. The inflorescences 
were recaged until pollinat ion at O. 1. 2, 3. 6 and 9 days after anthe-
sis. Florets in the zero-day treatment were poll inated immediately. 
Controls were left unpollinated and caged. Florets were pollinated in 
the morning by touching their stigmas with pollen presenters from 
newly opened donor florets which had also been caged to prevent 
contamination. P. repens Sneyd and P. eximia Fiery Duchess were 
pollinated with P. repens Guerna and P. eximia clone T85 02 03 
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respective ly and reeaged. Seven months after pollination when the 
achenes had malUred (van Staden 1978), the seed heads we re 
removed from the plan ts. These were dried and the number of seeds 
per in florescence was recorded by dissect ing the pollinated one-
seeded achencs with a scalpel. The percentage seed set per pollimltcd 
florets with in the seed heads was calcu lated. 
Pollen tube growth 
Twenty-one inflorescences (i.e. three replicates) of P. repefl S Snt!yd 
were prt!pared for controlled hand-pollination. pollinated and 
recaged exactly as described above. Three inflorescences (c , 50 flo-
rets) Pl![ treatment were pollinated and controls were left unpolli -
oated and caged. The inflorescences were left for 7 days on the 
plants to allow compatible pollen tubes to penetrate to the base of the 
sty les, as preliminary observations had indicated that a 6-day period 
is required for pollen lubes to reach the ovary part of the seyle. The 
ovaries of the pollinated pistils were carefully dissected out of the 
involucral receptacles, fixed in Carnoy's solution for 24 h and trans-
ferred to 70% ethanol for storage at room temperature. Before 
processing the ovaries for nuorescence microscopy (Martin 1959; 
Kho & Baer 1968) they were transferred to 30% ethanol. washed in 
di stilled water (3 x) , softened for 30 min in 0.8 N sodium hydroxide 
at 75°C, washed agai n in distilled water (3 x), and stained overnight 
in a 0.1 % solution of water-soluble aniline blue dye in 0.1 N 
K,P04.H20. For observation of pollen tubes the ovaries were placed 
on a slide and the cover-slip was gently pressed to spread the mate-
riai. Fluorescing pollen tubes were observed by means of a Nikon 
Biophot microscope, equipped with an episcopic-fluoresccnce 
attachment and a UV-2A filter system consisting of a dichroic mirror 
(430 nm), an ultravio let excitation filter (380-425 nm) and u barrier 
fil ter (450 nm). The number of pollen tubes in the ovary, as well as 
the percen tage of ovules which had been penetrated by pollen tubes 
were recorded. 
Width of stigmatic groove 
The wid th of the stigmatic groove of unpollinated pist ils at 0 to 12 
days after an thesis was examined wi th a scanning electron micro-
scope (SEM) in two separme experiments. In the experiment wi th P. 
repells Sneyd, the stigmas were crit ical-poi nt dried after fixation in 
2.5% glutaraldehyde and dehydration in a graded ethanol series, 
mounted on aluminium stubs using double-sided sticking tape and 
sil ver paste . and sputter-coated with gold. Samples were examined 
with a Jeal JSM 6100 SEM operated at 5 kY. In the experiment with 
P eximia Fiery Duchess. the stigmas were mounted on aluminium 
stubs using double-sided sticking tape and silver paste, frozen in 
nitrogen slush. and sputter-coated with gold in an Oxford CT 1500 
Cryo-trans-system before transfer to the cold stage of the Jeol JSM 
6100 SEM operated at 4 kY. The width of the stigmatic groove at its 
widest point was measured from photographs or video prints of three 
to five samples per treatment (Fuss & Sedgley 1991a, b). 
Experimental design and statistical analysis 
Two separate seed set experiments were carried ou t, each consisting 
of seven treatments in nine or ten randomized blocks. Separate anal-
ysis of variance was performed for each of the experiments after the 
data had been subjected to a working logi t transformati on. Back 
transformations were made to present results in tabular form as mean 
percentage pollen germination, The pollen tube growth experiment 
consisted of three randomized blocks. Pearson product-moment cor-
relations were calculated to measure the associations between the 
diffe rent variables. Two separate groove width experiments were 
carried out, consisting of six and nine treatments respectively in 
three to five randomized blocks. Separate analysis of variance was 
performed for these experiments. In all the experiments, analysis of 
variance was performed using SAS statistical software vers ion 6.08 
(SAS Institute Inc., Cary, NC, USA). Student's least-significant dif-
ferences (LSD) were calculated at the 5% level of probability to 
Table 1 Stigma receptivity of P. repens Sneyd 
and P. exima Fiery Duchess as measured by 
the percentage seed set after pollination 
Day of pol lination (number Seed sel* Seed sel* 
of days after an thesis) Sneyd Fiery Duchess 
0 33.8' 3.6bc 
55.9' 2.6bl · 
2 74 .5~ 3.6"' 
3 63.7a!' 8 7~ 
6 68.5' 4.7h 
9 27 .2~· 4.2h 
Control (unpollinated) 9.311 2 . 1~ 
LSD (5%) 0.56 0.66 
*Values (back transformed) fo llowed by the same super-
script do nOI differ significantly (P = 0.05; Student's LSD 
based on transfonned data) 
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compare treatment means. For all other effects in the analysis of var-
iance a probability level of 5% was considered signifi cant. 
Results 
Seed set 
Analysis of variance showed a significant treatment effect (P < 
0.0 1) for both experiments. Results of the experiment with P. 
repells Sneyd and P. e.xirnia Fiery Duchess are shown in Table I. 
Peak stigma receptivity based on the percentage seed set was 
found to occur during the period of two to six days after anthesis, 
whereafter seed set rapidly declined, Pollination at anthesis (day 
0) yielded only 33 .8% seed set compared to 74.5% two days after 
anthesis, while the control (unpollinated) treatment yielded sig-
nifi cantly fewer seeds set (9.3%) compared with the pollination 
treatments, In P. eximia Fiery Duchess, seed set percentages over 
all treatments were extremely low, but peak stigma receptivity 
based on the percentage seed set (8.7%) was at three days afler 
anthesis. There were no significant differences among the other 
treatments (including the contro l) . 
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Figure 1 Stigma receptivity of P. repells Sneyd as measured by: 1, 
percentage of florets with pollen tubes: 2, percentage of ovules pene-
trated by a pollen tube; and 3, mean number of pollen tubes per 
floret. 
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Pollen tube growth 
Results of the pollination experiment are given in Figuft: 1. Sig-
nificant differences were found between the different pollination 
treatments for all three pollen tube variables tested. Very low 
s. Afr. I. Bot. 1996.62(5) 
numbers of pollen tubes rcached (he ovary part of the piSlH, with 
rarely more than three pollen tubes per ovary. With the exception 
of the mean number of pollen tubes in the sixth-day pollination 
treatment, the second-, third- and six th-day treatments were not 
Figure 2 Scanning electron mlcrographs of the stigmatic grooves of P. repens Sneyd at different days after anthesis. A. Groove at anthesis. 
B. Groove. 1 day after anthesis . C. Groove :\ days afte.r ~nlhesis . D. Groove 6 days after anthesis. E. Groove 9 days after anlhesis. F. Groove 12 
days after anthesis, x 1 000; bars = 10 .... m. 
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Table 2 Stigma receptivity of P. 
repens Sneyd as measured by the 
width of the stigmatic groove at dif-
Ie rent days after anthesis 
Days after anthc~ l s 
o 
3 
6 
9 
12 
LSD (5%) 
Stigmatic groove 
width (~lm) * 
4.0~ 
H,l t> 
12. J.l 
6.1 11,. 
2.28 
* Values followed by the same superscript 
do not differ sigmfican tly (P = 0.05) 
signilicantly different and gave signii1cantly better results than 
the other pollination treatments in respect of all three pollen tube 
variables tested. In all three cases, pollen tubes reached the ovary 
in 97- 100% of the ovaries observed and penetration of the ovule 
occurred in 89-97% of ovaries observed. The highest mean 
number of pollen tubes per ovary was 2.5 in the third-day polli-
nation treatment. The control (unpollinatcd) had significantly 
lower pollen tube percentages in all treatments except for the 
mean number of pollen tubes of the nine- and zero-day treat-
ments. Correlation coeftlcients between the three pollen tube var-
iables tested were highly signitkant (P < 0.01). 
Width of stigmatic groove 
Analysis of variance of stigmatic groove width showed signifi-
cant treatment effects in both experiments. Maximum stigma 
receptivity of P. repens Sneyd, based on the width of the stig-
matic groove, was at three and six days after anthesis (Table 2; 
Figure 2). No stigma secretion was evident in P. repcns Sneyd 
stigmas because of the critical-point drying treatment. The width 
of the stigmatic groove of P. eximia Fiery Duchess increased to a 
maximum at five days after anthesis (Table 3), appeared to close 
at day six and opened wider the following day for reasons 
unknown. Build-up of stigma secretion from day three was evi-
dent. The maximum groove width of P. eximia Fiery Duchess 
(24.03 )1m) was almost twice that of P. repells Snl:yd ( 12.09 )1Ill). 
Discussion 
The results of this study have shown that the cultivars of both 
species tested are protandrous, as has been reported for Protea 
cynaroides (Vogts 1971) and other proteaceous species (Sedgley 
eI al. 1985: Collins & Spice 1986; Brits & van den Berg 1990: 
Fuss & Sedgley 1991a, b: Vaughton & Ramsey 1991). The per-
centage seed set of pollinated pistils of P. repens Sneyd was 
found to be relatively high over the full range of pollination treat-
ments (> 27%) with a maximum of 74.5%. This is much higher 
than the 23.6% reported by Coetzee & Giliomee (1985) for open-
pollinated P repens in the ir natural habitat. The fact that the 
experimental plants received supplementary irrigation or that 
they were controlled hand-pollinated in this experiment might 
explain this difference, but not in the case of P. eximia Fiery 
Duchess where seed set was < 10%. The apparently low seed set 
of this cult ivar presents a challenging problem for future 
research. 
Table 3 Stigma receptivity of P. 
eximia Fiery Duchess as measured 
by the width of the stigmatic groove 
at different days after anthesis 
Stigmatic groove 
Days after anthesis width (J,.lm)* 
0 4.8" 
7 .9~ " 
2 S.7!>\." 
.1 lU I-
4 11.61-
5 24.0:1 
I> 12.61-
7 19.2" 
9 12. 61-
LSD (5%) 5.87 
*Values followed by the same superscript 
do not dIffe r sigmficantl y (P = 0.(5) 
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Pollen tube data, like seed set, indicates that peak stigma 
receptivity occurrs two to six days after anthesis. The very low 
numbers of pollen tubes observed in this study are in agreement 
with other studies in the Pro teaceae (Sedgley 1983; Goldingay et 
al. 1991: Fuss & Sedgley 1991 a, b). The percentage of pene-
trated ovules appears to be proportional to the percentage of 
styles containing pollen tubes and to the mean number of pollen 
tubes in the ovary. This would indicate that pollen tubes encoun-
tered very few problems in the style, but that the lower numbers 
of pollen tubes reaching the ovary is the result of fewer grains 
germinating on the stigma. 
Peak stigma receptivity coincided with the opening of the stig-
matic groove in both cultivars, which is also in agreement with 
previous studies in Proteaceae (Vaughton & Ramsay 1991; Fuss 
& Sedgley 1991 a, h), hut the factors controlling the opening of 
the grooves in Protea are as yet not known. It appears unlikely 
that the grooves open and close in response to touch (Ayre & 
Whelan 1989) because they open in the absence of any contact 
with the stigma. However, the opening of the grooves in Protea 
appears not to be as pronounced as in Banksia (Fuss & Sedgley 
1991a) and even at maximum width. the groove is narrower than 
the diameter of the pollen grain. A further important observation 
in these experiments was that many of the 9-day-old stigmas 
became discoloured (brown) and dry compared with those of 
younger tlorets. The poor seed set observed in those older pistils 
could be ascribed to senescence and loss of function. 
This study has shown that the time of pollination after anthesis 
has a marked influence on the percentage seed set obtainable in 
Protea and that hand pollinations should be made on the day of 
peak stigma receptivity in order to maximize pollen germination 
and seed set. In the case of the two Protea cultivars investigated, 
the optimum period appears to be from two to six days after 
anthesis . This should be investigated in other species of Protea 
for the most effective use of hand poll inations in hybridization. 
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